Boris Emilyevitch Shapirovskii  by Malychin, V.I.
EISEVIER 
TOPOLOGY 
AND ITS 
Topology and its Applications 57 (1994) 111-130 
APPLICATIONS 
Boris Emilyevitch Shapirovskii 
V.I. Malychin 
Section of Applied Mathematics, Moscow State Academy of Management, Rjazanaskij prospekt 99, 
109542 Moscow, Russia 
(Received 19 March 1993; revised 1 September 1993) 
Abstract 
A brief account of the mathematics and life of Boris Shapirovskii. 
Key words: Cardinal functions; Martin’s axiom; Tychonoff cube; Topological games; Ram- 
sey-type problems 
Ah4S CMOS) Subj. Class.: OlA70, 54A25, 54CO5, 54D99 
Boris Emilyevitch Shapirovskii died on August 19, 1991, after a long and severe 
illness. His life, though short, was fully dedicated to Science. 
Boris was born in Moscow in 1948 in the family of the playwright Emil 
Shapirovskii. The boy studied in the specialized mathematical middleschool No 7 
of Moscow and after leaving it in 1967 he entered the Faculty of Mechanics and 
Mathematics (below Mech-Math) of Moscow University. 
The launch of the first artificial satellite of the Earth in 1957 and the first 
human space flight of Yuri Gagarin in 1961 gave a great push to the country. 
Young people took great interest in professions connected with scientific and 
technical development. The Mech-Math attracted mathematically gifted children 
of the whole Soviet Union. The Mech-Math students considered themselves to be 
select, they admired their own gods and the gods were alive! - the gods were with 
them, they delivered lectures, participated in the seminars, and even played 
football with the students. I.G. Petrovsky was the head of the University as well as 
the head of the Department of Differential Equations; A.N. Kolmogorov was the 
head of the Statistics Methods’ Laboratory; P.S. Alexandrov ran the Section of 
Mathematics and the Department of Higher Geometry and Topology. Such “elder 
generation” scientists as D.E. Menshov, P.S. Novikov, A.G. Kurosh, A.A. Markov, 
I.M. Gelfand and other outstanding mathematicians worked at that time at the 
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faculty, accompanied by their younger colleagues and former students S.P. Novikov, 
V.I. Arnold, Yu.1. Manin, A.G. Sinay. 
At the Department of Higher Geometry and Topology at that time Academi- 
cian Alexandrov was working together with Prof. M.M. Postnikov, Prof. E.G. 
Skljarenko, Prof. Yu.M. Smirnov, S.D. Iliadis, E.A. Morozova, A.S. Parchomenko, 
M.K. Potapov, A.V. Sosinskii, V.V. Fedorcuk, A.M. Vinogradov, A.V. Arhangel’skii 
and V.I. Ponomarev. The latter two of them had just obtained the degrees of 
Doctor of Physics and Mathematics ‘; being rather young they became the center 
of gravity for the students of the faculty; the students willingly chose General 
Topology for their speciality in Mathematics. The special courses and seminars 
were full of that very smell of creative research; thank God there were plenty of 
problems and questions to solve. The special courses and tutorial of Prof. 
Arhangel’skii were especially popular, and his problems and questions looked 
unusually fascinating and attractive! 
That was the period of intensive development of the theory of cardinal func- 
tions of topological spaces. In 1969 Arhangel’skii [Ar,2] proved that the power of a 
first countable compact Hausdorff space does not exceed 2”, thereby solving the 
well-known Alexandrov’s problem. Perhaps, this was the main vigorous impulse for 
Boris Shapirovskii to start studying General Topology under the guidance of Prof. 
Arhangel’skii. 
Boris’ first results immediately attracted the attention of Soviet and foreign 
topologists. To a great extent, it was occasioned by the publication of these results 
in the prestigious Soviet journal “Soviet Math. Dokl.” (“The Reports of the 
Academy of Sciences of the USSR”), translated completely into English. I will 
comment on these publications later, mentioning here that a great deal of Boris’ 
material was included in Engelking’s famous book [En]. By that time Boris had 
become well known at the faculty, too, partly because of his popular verses 
reflecting the unique colour of Mech-Math atmosphere, of being keen on Math: 
You see the spectacles that I wear 
My left eye squints, but I don’t care. 
I sometimes blink when upset 
And often stammer, and get red. 
But I am luckily aware 
(You must not doubt - it is fair!) 
How looks like supermonolithic 
Compactum cT-transfinitic! 2
* It is worth mentioning that in the former USSR (and now also in Russia) there are two scientific 
degrees. The first one, called “Candidate of Science”, corresponds approximately to the American 
“Ph.D.“, it is awarded on the Basic of the so called Candidate Thesis. The second one, called “Doctor 
of Science”, is usually awarded to the most advanced scientists among the candidates, after they have 
worked out and defended a new Thesis - the so called “Doctor Thesis”. 
* The translation is due to A.P. Sostak. 
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A Moscovite born, Boris had many friends, and gradually I entered this circle. 
In 1973, when we already were post-graduates, we published our joint paper [MS] 
- one of the first topological investigations in the USSR considering Martin’s 
axiom. This cooperation turned to be hard for me due to the utter demands of 
Boris on the text for publication. That work drove us together. I discovered not 
only a scientist in Boris, but a learned, interesting person. I still remember the 
words he said one day: “The totalitarian system can be suitable in an extreme 
situation, war for instance; in any other case it is doomed to defeat when opposed 
by democracy”. I was also embarrassed by his stone-hard conviction that an 
investigator obtains the right to elaborate anything that he is interested in, that he 
considers to be necessary, and it is not up to other scientists, investigators etc. to 
condemn him nor to thrust on him other themes for scientific activities. 
To proceed with the post-graduate years of 1973-75 - they were quite interest- 
ing. There were many post-graduates at Academician Alexandrov’s department at 
that time - about 15 for the year of Shapirovskii and the preceding one. The 
Moscow Seminar on Topology headed by Academician Alexandrov worked suc- 
cessfully and effectively. It was an honor to take the floor at it. Academician 
Alexandrov himself was always attentively listening to all the reports and fre- 
quently commented upon them. His remarks always appeared to be interesting for 
post-graduates, because Alexandrov touched on the history of Mathematics, nar- 
rating using bright colors about his meetings with the world’s most outstanding 
mathematicians and their views on this or that problem. Foreign mathematicians 
often participated in the Seminar. The constantly incoming stream of talented 
students and post-graduates held the creative level of the Seminar high and tense. 
But, to Alexandrov’s mind, research work could not be exhausted by its traditional 
forms. He himself organized classical music parties for students, post-graduates 
and all those who wish at the student dormitories, and welcomed playing football 
(soccer) on the University lawns. Spring was usually the time for “topological 
trips” out of Moscow by train or launch. Alexandrov usually joined them some- 
times accompanied by Kolmogorov. A picturesque place was chosen, football and 
other games were followed by tea. Boris admired football and mastered it, 
dribbling the ball brilliantly. 
His post-graduate years were quite specific, as Prof. Arhangel’skii, who had 
been leading Boris’ scientific work for his student years and had recommended 
Boris to the post-graduate course, was making a long scientific trip abroad. I 
suffered the same at that time, and we both were sheltered by Prof. Ponomarev, 
who consented to lead our work. 
The defense of Boris’ Candidate Thesis took place in spring of 1977 and was 
hard. The question was discussed four (!) times of the defense being included into 
the agenda of the Session of the Scientific Council No 2 of the Mech-Math (this 
Council dealt with algebra, topology, differential geometry and some other branches 
of mathematics) and only the fourth time was the inclusion successful and the 
defense finally held. (Shapirovskii’s Thesis itself was an excellent one, but, unfortu- 
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nately, some members of the Council were more interested in Boris’ nationality 
than his work. And only thanks to the interference of such outstanding and 
influenced mathematicians as Kolmogorov, Alexandrov, Markov, V.A. Uspenskii, 
did the defence finally take place.) 
Boris was very nervous all the time, though he did not show or express it in any 
way: we worked hard and seriously. 
The Candidate Thesis put a logical end to a certain stage in Shapirovskii’s 
research. The areas of research he did might be described as follows: 
A. Cardinal functions of topological spaces (Section 1). 
B. Martin’s axiom (Section 1). 
C. Mappings “into” and “onto” Tychonoff cubes (Section 2). 
D. Topological games (Section 3). 
E. Ramsey-type problems (Section 4). 
F. Topological properties standing close to separability (Section 5). 
G. Various (Section 6). 
The results related to the first two areas and partially to the third one were 
systematized in the Thesis. Subsequently Shapirovskii developed and polished 
them. 
Notation and terminology below is in accordance with Engelking’s famous book 
[En] (there are some differences in comparison with the ones used by Shapirovskii!). 
w, ,y, (J, d, h, c, t, TW, TX are weight, character, pseudocharacter, density, 
height (= sup{min{X(F, X): x E F, F is a Hausdorff compacturn in Xl: x EX}), 
Souslin number, tightness, rr-weight, and a-character, respectively. 
If f3 is a cardinal function, then he(X) = sup{O(Y): Y LX}, h,B(X) = sup{O(Z): 
Z cX, Z is closed}. 
The closure of a subset A will be denoted by [Al. 
1. Cardinal functions of topological spaces and Martin’s axiom 
Already in his first paper [S,l] in 1972 Shapirovskii proved in a common way the 
following fundamental relations and estimates of the most important cardinal 
functions: 
l t(X) G he(X) * h(X) for a Hausdorff space X (see [Ar,4] for compacta); 
l I/J(X) < exp(hc(X)) for a Hausdorff space X; 
l X < exp(exp(hc(X))) for a Hausdorff space X (cf. [H.I,ll, and [Grl for a regular 
space Xl. 
For many results of Shapirovskii the following statement [S,8] plays the key role: 
1. Proposition. Let X be a compactum, x EX and rr;y(x, X> B r. Then a mapping 
f : X-t I’ exists such that f(X) SO(T + 11, where n(a) denotes the space of 
ordinals less than (T. 
With the help of this proposition is proved 
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2. Theorem. TX(X) G t(X) for each compactum X. 
And also 
3. Theorem. t(X) = hrx(X) for each compactum X. 
B. Shapirovskii stated repeatedly the hypothesis that the following pointwise 
analogue of Theorem 2 and Proposition 1 is true: 
Hypothesis. Let X be a compactum, x E X and xX(x, X1 > T. Then t(x, X> 2 7. 
And indeed in 1989 I. Juhasz and S. Shelah [JS] proved that for every point x of 
a compactum X there exists a subset Y such that x E [Y] but x ~6 [Z] for any 
subset Z c Y, I Y I G rX(x, X), hence rX(x, Xl G t(x, XI. 
4. Corollary. Each point in a compactum of countable tightness has countable 
r-character. 
Notice that this corollary was new already for FrCchet-Urysohn compacta. 
Since rrw(X) = TX(X) * d(X), Theorem 3 immediately implies 
5. Theorem. hd(X) = hz-w(X). 
6. Corollary. Each subspace of a hereditarily separable compactum has a countable 
r-base. 
This corollary appeared to be quite unexpected. The question of whether such a 
statement is true was stated in the book by Arhangel’skii and Ponomarev [API, 
however only under the assumption of CH. 
On the other hand, the hereditarily separable compactum of Fedorchuk [Fe], 
constructed under the assumption of the Jensen Principle, does not contain points 
with countable &base, i.e., a r-base at a point, the closure of each element of 
which contains this point. 
From Proposition 1 one can extract also the above-mentioned fundamental 
inequality t(X) <he(X) for each compactum X. In case of a space hereditarily 
satisfying the Souslin condition, this inequality implies the following important 
7. Corollary. If each subspace of a compactum X satisfies the Souslin condition, then 
the tightness of X is countable. 
Although Shapirovskii’s paper [S,7] was dated in 1974, in fact it was written 
some years earlier. In this paper some rather simple reasonings are developed 
which show that hd(X) 6 t(X) * h,d(X). 
From this relation and Theorem 5 it follows 
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8. Theorem. h,d(X) = hd(X) for each compactum X. 
(Independently this fact was established by A.V. Arhangel’skii [Ar,4].) 
9. Corollary. If each closed subspace of a compactum is separable, then the 
compactum is hereditarily separable. 
As these results were obtained, the question on the coincidence of hereditarily 
density hd and the density with respect to closed subsets h,d in classes of 
topological spaces wider than the class of compacta naturally arose. The most 
important and interesting case being countable density. I succeeded in construct- 
ing, under the assumption of CH, a “good” (completely regular Luzin) space in 
which every closed subspace is separable, but which nevertheless contains a 
nonseparable subspace [Ma,l]. 
Later S. Todori-eviE [To,11 constructed (in ZFC) a space X for which the 
cardinal h,d is strictly smaller than hd. 
The results lo-22 were systematized by Shapirovskii in [S,17], but for the first 
time they were reported in 1972-1976 at Aleksandrov’s seminar and appeared in 
different papers published in different years. 
One of the most wonderful relations was obtained by Shapirovskii for hereditary 
density and hereditary cellularity. 
10. Theorem. hd(X) <he(X)+ for any compact space X. 
11. Corollary. The hereditarily density of a discretely countable compactum (i.e., a 
compactum, in which every discrete subset is countable) does not exceed K,. 
This gives a positive solution of Hajnal-Juhasz’s problem from the “Lectures” 
book by M.E. Rudin [Ru,~]. 
(Certainly, we have to recall that for the class of linearly ordered spaces 
satisfying the Souslin condition, which forms an important subclass of the class of 
discretely countable spaces, a similar result was earlier obtained by M.E. Rudin 
[Ru,l] and Hajnal and Juhasz [HJ,3].) 
The key for the proof of Theorem 10 is given by 
12. Theorem. Let X be a compact T,-space and I,HF, X) < u for every closed F G X 
such that d(F) G p. If t(X) < p, then hd(X) G u. 
This theorem itself in case p = K, implies the fact which was new already in the 
class of perfectly normal compacta: 
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13. Corollary. The density of a perfectly normal compacturn does not exceed K,. 
Taking in Theorem 12 a sequential compacturn X such that X(X> < c and 
assuming that p = c, one obtains a well-known theorem of Arhangel’skii in the 
following form: 
If X is a sequental compactum and x(X) < c, then d(X) G c, and hence 
I X 1~ c. In particular, the cardinality of a first countable compactum does not 
exceed c. 
Of all known methods of the proof of Arhangel’skii’s theorem (V.I. Ponomarev, 
P. Roy, F.B. Jons, D.F. Chudnovskii, A.A. Gryzlov, R. Pal) this proof by 
Shapirovskii seems to be the simplest one, and this method the most universal one, 
since it leads to new results for wider classes of topological spaces. 
Since for compacta it holds that t ,< hc, and obviously hc G hd, from Theorem 
10 one can easily extract the following astonishing fact: 
14. Corollary. The hereditary cellularity of a compacturn is equal either to its 
hereditary density or to its tightness. 
And for the most important and interesting countable case we get 
15. Corollary. If a compactum of countable tightness contains an uncountable 
discrete subset, then its hereditary density is equal to its hereditary cellularity. 
Notice that this estimation is precise, because for the Souslin Continuum KC, 
obviously, hc( KC) = K, and hd( KC) = K,. 
In his paper [S,7], which was already mentioned above, B. Shapirovskii started 
to investigate the cardinal function introduced in 1948 by N.A. Shanin [Sh] and 
called it the caliber of the space. An uncountable cardinal m is said to be a caliber 
of a space X, if each family of cardinality m consisting of nonvoid open subsets 
contains a subfamily of the same cardinal& and having a nonempty intersection. 
The Shanin number of the space X is defined as S(X) = minlk: k is a caliber of 
Xl. 
It is obvious that c(X) <s’(X) < d(X); besides, it is easy to give an example of 
completely regular spaces X and Y for which the left and, respectively, right 
inequalities are strict. 
Some wonderful results obtained by Shapirovskii concern the notions of a 
caliber and Shanin number (these results are contained [S,7,17] and are presented 
in his Candidate Thesis as well). 
16. Theorem. Let X be a compactum, t(X) < 7 where T is a caliber of X, then 
d(X) G 7(X). In particular, if t(X)’ is a caliber of the space X, then d(X) < t(X). 
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17. Corollary. Zf X is a compactum of countable tightness and K, is a caliber of X, 
then X is separable. 
This result was already new for first countable compacta. 
From Theorems 3 and 10 then follows 
18. Corollary. Zf X is a compactum such that 3X) = K,, then rrw(X> = t(X). 
Hence, in particular, if rw(X> = w(X), then w(X) = t(X). 
For a dyadic compacturn X it holds that S(X) = N,, besides rrw(X> = w(X) 
(see Ponomarev, [PO]). Thus, with the help of quite general reasonings, Shapirovskii 
obtains 
19. Corollary. ZfXis a dyadic compactum, then w(X) = t(X) (Arhangel’skii [Ar,l]) 
and w(X) = he(X) (B.A. Efimov [Ef]). 
From here one can bridge to the investigation of Martin’s axiom. Namely, taking 
into account that under assumption of [MA + 7 CHI, N, is a caliber for each 
compactum satisfying the Souslin condition, Shapirovskii obtains 
20. Corollary. Under assumption of [MA + ,CH] each compactum with Souslin 
condition and with countable tightness is separable. 
This result crowns the whole series of results obtained earlier by other topolo- 
gists - Juhasz, F. Tall, Arhangel’skii. It was announced by Shapirovskii n 1972 in 
[S,261 (for the proof see [MS]). 
Here is one more result obtained under the assumption of [MA + ,CH] by 
Shapirovskii and also strengthening a result of Arhangel’skii [Ar,4]. 
21. Theorem [MA + ,CH]. Let X be a compactum of countable tightness. Then 
he(X) = hd(X). 
This result was already new for first countable compacta. The paper [S,17] 
contains also the next wonderful and important result on multiplicity of r-bases in 
compacta (this result was first established in [S,22]). 
22. Theorem. Let X be a compactum. Then there exists a r-base in X whose 
multiplicity does not exceed t(X). 
This theorem has many consequences (among them the above mentioned 
Corollary 6). 
After the successful defense of the Candidate Thesis Boris could not find any 
job for almost a year. Then he was employed at various occasional research 
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organisations quite unsuitable for this mind and his character at all. He used to 
make fun of his work there, of the atmosphere and manners prevailing there. But 
we clearly understood that the work he actually had to do was not his own 
business. Set-theoretic mathematics was merely his night work, often at odd 
moments. 
Gradually his housing conditions became better. The two sons of Boris were 
born in 1977 and 1979. Despite everything his family life was all right. Boris had 
got acquainted with his wife Nina during his studies at Moscow University. 
Probably he had written his verses, also well known afterwards, at that time. 
Darling my, you are the nicest 
Best of all are you, my dear, 
You are like the very finest 
Having seven handles sphere.. . 3 
Nina supported her husband in every way, trying to provide the best possible 
conditions for his work in mathematics. Boris admired his sons and worked much 
with them. How very proud he was when telling us about how they mastered the 
simplest mathematical notions! 
Boris had many friends - some of them were his childhood friends, school- 
mates. Every spring he went hiking with them for two or three traditional days. 
Others were his University friends whom we met at the seminars, conferences etc. 
The “Monopoly”, the main thing we were crazy about at that time - a kind of 
universal trade exchange game and Boris was an inspired fan of it. He was always 
fighting for victory or up to total bankruptcy, appearing to be a skilful merchant, 
and king of coalitions. And also there were friends from work at the right research 
organizations (see above), acquaintances in the Jewish community, etc. 
Meanwhile Boris became better known among his colleagues in general topolo- 
gists, and specialists in set-theoretical mathematics. His proof of Arhangel’skii’s 
theorem on the cardinality of first countable compacta, on the density of perfectly 
normal compacta and other results gained much publicity. He received many 
invitations to conferences, symposia and to give lectures from different countries. 
But this extraordinary man was organized very delicately. He was eager to gain 
success in his own country where he was born, loved, lived and where his children 
grew. The country where the communist ideology was killing everything outstand- 
ing, extraordinary, unique and alive. The country with its flourishing antisemitism, 
where the word “Jew” itself had almost become indecent. The country that didn’t 
need a brilliant mathematician of the world class. And in this country he was 
determined to achieve his success and admission. It was his motherland despite 
everything. Because of this complicated set of circumstances Boris couldn’t and 
didn’t manage to use the opportunity to leave this country. True, he visited Poland 
3 The translation is due to Sostak. He regrets that he can translate only one verse. 
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in 1972 on the student exchange teams. Later he visited Hungary in 1979 (invited 
by Juhasz) and Bulgaria, Poland and USA in 1990-91 (described hereinafter). 
2. Mappings “into” and “onto” Tychonoff cubes 
Shapirovskii spent much time and effort to solve the problem believed to be 
central in his creative work: When can a compacturn be mapped onto a Tychonoff 
cube of suitable weight? 
First about mappings “into”. In this regard we must recall first of all Proposi- 
tion 1 from which, apart from the already mentioned consequences, follow impor- 
tant relations between cardinal functions (e.g. t(X) = hrrx(X) for a compacturn 
e.a.1. 
Other results of this list are connected with the characterization of compacta of 
countable tightness as perfect preimages of subspace of Z-products of unit 
intervals. These investigations were begun in [S,8,91 and continued in [S,131 (see 
also [S&9]). The main theorem in [S,13] and its corollaries are the following ones: 
23. Theorem. Each perfect (and even each compact) mapping f : X jonto Y is 
representable as a composition f = r 0 h, where h : X +OntO Z is irreducible, and 
r : Z --f Y is a retraction and, besides Z is the I-suspension over Y. 
24. Corollary. If X is first countable, Y is metrizable and a mapping f : X -+Onto Y is 
perfect, then there exist Z a Y, an irreducible mapping h : X jonto Z, and a retraction 
r : Z + Y, such that f = r 0 h, and Z is a subspace of a z-product of unit intervals. 
Having developed the technique of perfect mapping into spectra, Shapirovskii 
obtained alternative proofs of his own earlier results (see above): 
Each compacturn of countable tightness has a pointwise countable rr-base; if K, 
is a caliber of a compacturn of countable tightness, then this compacturn is 
separable; the density of a perfectly normal compacturn does not exceed N,, etc. 
In the same paper Shapirovskii announced also some wonderful results, whose 
proofs are given in his later paper [S,14], devoted to mappings onto Tychonoff 
cubes. 
The paper [S,14] is, without doubt, one of the central works by Shapirovskii. It 
presented the criterion of existence of a mapping from a given compacturn onto 
the Tychonoff cube. 
25. Theorem. A compacturn X can be mapped onto I’ iff in X there exists a closed 
subset F, such that TX(X, F) > r for each point x E F. 
This theorem has many nice consequences: 
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26. Corollary. The Continuum Hypothesis, CH, is equivalent to the following state- 
ment : 
Each compactum contains either PN or a point of countable rr-character. 
This gives a positive answer to a question formulated in M.E. Rudin’s “Lec- 
tures” [Ru,~]. 
27. Corollary. If the product of a finite number of compacta can be mapped onto I’, 
then at least one of these compacta can be mapped onto I’, too. 
To extend the previous statement for the case when the number of factors is 
infinite, one has to use the following. 
28. Proposition. If a compactum X = n{X,: a < u) can be mapped onto I’ and 
v < cf(r), then at least one X, can be mapped onto I’, too. 
Taking into account B. Balcar and F. Franek’s [BFI results, the following 
theorem can be obtained now: 
29. Theorem. If an extremally disconnected compactum Z is embeddable into a 
product X = n{X,: LY < u} and u < cf(w(Z)), then Z is also embeddable into one of 
the factors X,. 
30. Corollary. If ON is embeddable into X = FI(X,: (Y < u) and u < cf(c), then PN 
is also embeddable into one of the factors X,. 
(This statement was first obtained in [DP]; in the special case u G w it is proved 
earlier also in [Ma,2].) (Notice, that in his later paper [S,38] Shapirovskii strength- 
ens a little the statements of Theorem 29 and Corollary 30 to include the case of 
embeddings of such compacta into a,r(,(,,,-products.) 
3. Topological games 
Judging by the fact that only one of Boris’ papers was devoted to topological 
games (and besides this paper was written with co-authors) [MRUSI one could 
conclude that topological games were only an episode in Boris’ creative work. But 
I remember very well his excitement and enthusiasm when writing this joint paper 
by Boris and three co-authors and friends. He has invented some very nice 
reasonings in connection with this problem. A typical game of the ones in [MRUS] 
is as follows. There are two players: the first one and the second one. They pick 
different points of a topological space. Each player tries to pick points in such a 
way that his resulting set remains discrete. The one who fails this, loses the game. 
This game could be called “Discrete sets”. 
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It is very important that the length of the game may be greater than o. This 
circumstance makes the investigation of such games more difficult but also more 
interesting. Our joint paper [MRUS] did not arouse significant interest. There was 
some response only by I. Juhasz and R. Telgarsky. 
After this work the idea was almost immediately born to make one more work 
on games where Boris would define the general strategy of the players; as to me, I 
was supposed to present solutions of some related problems I was interested in. 
Unfortunately, we didn’t manage to write the work. Afterwards Boris returned to 
this idea about topological games as it is reflected by some brief notes in his later 
works. 
In 1976-1990 Shapirovskii published a series of large papers in the recurrent 
Collection of Researches in Mathematics issued by the University of Latvia. A.P. 
Sostak was one of initiators and editors of this Collection. A long and strong 
friendship united the two scientists. In these works Shapirovskii gave the proofs of 
his results about cardinal functions and about topological applications of Martin’s 
axiom, which were previously announced without proofs in the “Soviet Math. 
Dokl.“. It is worth mentioning, that some of Shapirovskii’s papers, especially those 
published in the “Doklady”, are rather difficult to read, being too brief and laconic 
(as confirmed also by TodorCevic’s notes [To,~]). 
4. Ramsey-type problems 
At the same time Shapirovskii became enthusiastic also in the investigations of 
Ramsey-type problems in topology. Already as early as in 1908, F. Bernstein 
proved that each complete separable metric space can be represented as a union 
of two subspaces which do not contain homeomorphic copies of the Cantor cube 
2”. In 1972 Z. Frolik set the problem whether there exists a Hausdorff space X 
such that for every subspace A either A or X\A contains a homeomorphic copy 
of the unit interval [O, 11. The assumption of Hausdorffness is very essential here: 
J. NeSetlil, V. Rodi and J. Pelant (see [NR]) succeeded for each T,-space Y to 
construct a T,-space X such that either Y c_A or Y GX\A for each subspace 
A LX. Later I [Ma,31 proved, that if X is Hausdorff and I X 1 G c+~, then X is not 
Ramsey for 2”, i.e., for every partition of X into two subspaces at least one of 
them contains the Cantor set 2”. Approximately at the same time W. Weiss [We] 
derived similar results and proved that no Hausdorff Ramsey space for 2” can 
exist under assumption [V = L]. 
Soon Yu.H. Bregman, Sostak and Shapirovskii [BSS,l] joined the research of 
this problem and wrote a large work. To some extent they had shifted the accent of 
the Ramsey space theory and found the following nice theorem: 
31. Theorem [ACP# or V = L]. In every topological space X there exist subspaces X0 
and X, such that X=X,, UX, and neither X0 nor X, contains a closed (in X) 
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countably compact regular unscattered subspace. In particular, if X is Hausdorff, 
then each cornpactum contained in X0 or in X, is scattered. 
By ACP# the authors denote the following set-theoretic assumption: 
N, < c and for each b > c there exists 7 Q c such that p” Q p,. 
(Here p. =pL, ~~ = (~~1’ if /3 = a + 1 and pLa = sup{pup: /3 <a} for a limit 
ordinal a.) 
This result is somewhat stronger than that of Weiss mentioned above. 
The present volume contains also the translation of the paper [BSS,2] published 
in 1989. In this paper Bregman, Sostak and Shapirovskii have reformulated the 
above Theorem 31 as follows: 
32. Theorem [ACP# or V = L]. Each (Hausdorff 1 space can be represented as a 
union of two of its k-scattered subspaces. 
(A space X is called k-scattered, if each compactum contained in it is scattered.) 
Shapirovskii and his colleagues and coauthors had established an unexpected 
connection between this result and the following question of Arhangel’skii: 
Let each subspace of X be a union of at most p compacta. Is it true that 
( X ( =z p in this case? 
This connection is expressed by the following 
33. Theorem. Let X be a Hausdorff space, X = UIX,: a < v), where all X, are 
k-scattered, u < A, and A be a regular cardinal. Then, if each subspace of X can be 
presented as a union of less than A compacta, then also 1 X ( < A. 
From this theorem, taking into account also Theorem 32, follows the positive 
answer to the above question of Arhangel’skii 4 (up to the above-mentioned 
set-theoretical assumption). 
Some similar questions were also announced by Bregman, Sostak and 
Shapirovskii in [BSS,3] and investigated in [BSS,4]. By cl-cardinality of a space X 
the authors call the cardinal clard(X) = min{each subset of X is a union of G 7 
closed in X subspaces). Some relations between cl-cardinality and cardinality of a 
space are established, under some extra set-theoretical assumptions as well. 
5. Topological properties standing close to separability 
Many of the results proved by Shapirovskii for spaces of countable tightness 
were new already in the class of sequential spaces. 
4 Recently, the question has been answered positively without any assumption by J. Gerlitz, A. Hajnal 
and Z. Szentmiklossy. 
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In the above-mentioned paper [S,14] Shapirovskii derived an important result, 
which he later essentially generalized and extended. 
Arhangel’skii [Ar,5] calls a topological space X left, if its points can be well 
ordered, X = {x,: (Y < v] in such a way, that for all /3 < v the sets Yp = Ix,: cr < p] 
are open. In a similar way a right space is defined. Such spaces were studied by 
Arhangel’skii, J. Gerlits, Juhisz and M.G. Tkachenko. In 1976 Shapirovskii proved 
a fundamental statement about the structure of left spaces (independently the 
same statement was obtained also by Gerlits and Juhasz). 
34. Theorem. A left space is sequential if it is a k-space. 
In the discussed paper [S,14] Shapirovskii presents a new fundamental state- 
ment about the structure of left compacta. 
35. Theorem. Each left compactum (or, more generally, each left tech-complete 
space) is a right space. 
According to H. Herrlich, a topological space X in which nonclosedness of a set 
F just means that there exists a point x E F to which a subset of F converges in 
respect of cardinal&, is called pseudoradial. 
In the Abstracts of International Topological Conference in 1990 in Varna 
(Bulgaria) Shapirovskii [S,37] announced that, under the assumption of CH, the 
properties of pseudoradiality and sequential compactness are equivalent for k- 
spaces. 
6. Various 
Now we shall speak about some results by Shapirovskii which were not included 
in the above six groups. 
In his work [S,9] Shapirovskii has introduced the notion of a b-point (or a 
butterfly-point). Namely a point x is called a b-point if there exist closed sets F, 
and F2 such that (x] = [F, \{x)l I-T [F,\{x}]. Later he proved that there exists a 
b-point in PN (this proof is contained in [PoS]). It still remains unsolved whether 
each nonisolated point in an extremally disconnected compacturn is a b-point. 
In his work [S,lO] Shapirovskii, using results of Hajnal, Juhbz and Fedorchuk, 
has established that the next two assertions are independent on the ZFC system of 
axioms. 
(1) There exists a hereditarily normal compacturn satisfying the Souslin condi- 
tion in which the character of each point is c. 
(2) There exists a hereditarily normal separable space of cardinal& exp(c). 
In their joint work [AmS,l] G.P. Amirdzanov and Shapirovskii started an 
investigation of dense subsets of topological spaces. Later Amirdzanov set the 
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problem whether in an arbitrary topological space (compacturn) there exists a 
zero-dimensional (in some sense) dense subspace. Their investigations were fol- 
lowed up by some topologists. Nevertheless the problem of a dense zero-dimen- 
sional subset in an arbitrary compactum still remains open. In the joint abstract 
[AmS,2] Arnirdzanov and Shapirovskii obtained some positive results in this 
direction. 
In a joint paper [PeS] S.A. Peregudov and Shapirovskii studied spaces with a 
Noetherian or weakly Noetherian base. Arhangel’skii and Ponomarev [API called a 
family of sets Noetherian if every element is contained in a finite number of 
elements of this family. Peregudov called a family of sets weakly Noetherian if 
every element is contained in a countable number of elements of this family. The 
authors outlined many results about cardinal functions of such spaces, about the 
structure of such spaces, about their subspaces e.a. 
In the joint paper [ArS] Arhangel’skii and Shapirovskii studied homogeneity in 
X,-monolithic spaces (if the net weight of closure of a countable subset is 
countable). The following question is interesting: does every &-monolithic 
nonempty compactum have a point with countable base. 
After M. Gorbachev had taken power and in the former USSR perestroyka had 
begun in 1985, Boris gradually became involved in political life. He took part in the 
election campaign of Deputies of Moscow Council and the Supreme Council of 
Russia - for B. Yeltsin and A. Sakharov. His deep thoughts about the present 
political situation and his “forecasts” about the development of events in future 
were always valuable. 
The horrible news about the fatal disease of Boris was a hit between the eyes 
for us. It came in the sunny May of 1989 during the traditional Mathematical 
reading dedicated to Academician Alexandrov. Just after the session several of its 
participants rushed to Boris to see him in the hospital. The operation to remove a 
tumor had been completed; it was clearly seen that a nerve had been damaged for 
his facial features were slightly distorted. However, Boris was giving no sign of pain 
and was enthusiastically discussing the political situation in this country. 
It seemed that the operation had removed the danger. After some time Boris 
began to appear at the seminars again, though not so frequently as before. Soon 
after his third son was born. In September 1990 he visited Bulgaria and was 
perfectly received there. During his stay in Bulgaria Boris obtained some good 
results. One of them was presented above. Another is concerned with the coinci- 
dence of tightness and c-tightness for compacta (this result was obtained by joint 
efforts of Shapirovskii, Juhasz and S. Szentmiklossy). 
He returned home elated, in high spirits. He made a report about the trip at the 
Topological Seminar guided by Prof. Fedorchuk. Then he concentrated on his new 
publications. But very soon his disease entered a new stage. The doctors informed 
Nina about the terrible truth, but Boris had to guess at it. 
In early 1991 Boris delivered a report at the Topological Seminar guided by 
Prof. Fedorchuk. The report comprised original ideas concerning operations on 
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sets and applications of such operations for the study and characterization of some 
cardinal functions of topological spaces, similar to caliber. (For the detailed 
exposition of these results see [S,20].) 
In February 1991 Boris made a trip to Poland, where he had many friends - 
topologists. 
Just in autumn of 1990 after returning from Bulgaria Boris started to prepare 
actively for the trip to the USA where the celebration of Prof. M.E. Rudin’s 
anniversary was going to take place. By May 1991 the disease entered its severe 
stage. In spite of it Boris was willing to visit the USA. The start was delayed 
several times, but eventually Boris flew away. An interesting episode took place 
during the journey. In Shannon Boris saw B. Yeltsin with accompanying crew who 
was going to the USA. Boris waved to Russia’s president and showed the badge of 
the “Democratic Russia” movement - B. Yeltsin was one of the co-chairmen of 
this movement at that time. A short conversation took place. Boris was tired of 
standing and sat down; B. Yeltsin stayed on his feet. 
The time Shapirovskii spent in the USA is described by several people in 
“Papers on General Topology and Applications: Seventh Summer Conference at 
the University of Wisconsin”, New York Academy of Sciences, Annals (to appear). 
As for me, Boris told me on July 30, 1991, just after returning, that he was satisfied 
by the trip and the results of his work there. I felt how seriously ill he was during 
this last rendezvous. A waxen pallor covered his face and arms, and he seemed 
removed from usual cares and troubles. He indifferently listened to my informa- 
tion about the future small topological conference in Rakovo, near Moscow. . . 
I was not in Moscow on August 19, but after the radio reported that the coup 
had taken place, I returned to Moscow on August 20. About 4 p.m. Nina phoned 
me and told that Boris had died the previous night. His words about the organizers 
of the coup were: “These are the kings for an hour”. 
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